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Independent ambulation is the ultimate goal of post-stroke rehabilitation, of which dynamic balance is a primary 
requirement. Core stability is said to be essential to balance and independent ambulation, however, core strengthening 
exercises have often been omitted in stroke rehabilitation. The study sought to determine the effects of core strengthening 
exercises on dynamic balance and gait speed in stroke survivors. A total of 48 stroke survivors participated in this study. A 
simple random sampling in which participants were consecutively allocated into experimental and control groups was 
employed. The experimental group received core strengthening exercise in addition to conventional exercise while the 
control group had conventional exercise only. Dynamic balance was measured by maximum reach distances and gait speed 
was evaluated using 10-mteres walk test. Assessment of dynamic balance and gait speed was performed before treatment 
and six weeks after. There was no significant difference in dynamic balance and gait speed between both groups (P>0.05 in 
each).Significant differences in dynamic balance measures and gait speed were found between pre-test and post-test values 
of each of experimental and control groups (p<0.05). A holistic approach targeting all the core muscle groups and their 
corresponding motions should be adopted when executing core strengthening exercise. 
 




Stroke is an epidemic which causes enormous economic burden in many countries (Birabi et al., 2012). Community-based 
African studies reveals an age-standardized annual stroke incidence rate of up to 316 per 100 000 population, and age-
standardized prevalence rates of up to 981 per 100 000 (Owolabi et al., 2015). In Nigeria, its prevalence is 15.6 in a 
hospital based study, while the overall crude prevalence rate rose from 1.14 per 1000 (male: 1.51, female: 0.69) in 2007 to 
1.31 per 1000 (male: 1.54, female: 1.08) in 2014 (Sanya et al., 2015). Its economic burden in the country is tremendous, 
amounting to average of N95, 100:00 ($600) and N767, 900:00 ($4860) in government and private hospitals respectively 
(Owolabi et al., 2015). As a non-communicable disease of public health importance, it is one of most common causes of 
death and neurological disability (Centre for Disease Control and Prevention of Stroke in the United States, 2015). About 
two-thirds of stroke survivors have residual neurological deficits that impair functional abilities, with approximately half 
are left with a number of physical limitations, thus making them dependent on others for most activities of daily living 
(Rosamond et al. 2015).Physical limitation in walking and other uses of the limbs is essential determinant of overall quality 
of life after stroke. As low as 75% of survivors of stroke have been reported to have ability to climb staircase, walk 
distances at speed needful to independent community life (Balasubramanian et al., 2014). 
 
Commonest causes of physical limitations after stroke include impairments include physical impairments such as 
hemiparesis, spasticity, dystonia, and sensory loss, and cognitive dysfunction (Billinger, 2014).They result to inability to 
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walk independently and increased risk of falls. Of these impairments, paresis of the upper and lower extremity 
musculatures has received enormous attention, while rehabilitation of postural muscles of the back has received little 
concern. Inhibition of abnormal tone and facilitation of normal movement of the upper and lower extremities dominate 
practice of stroke rehabilitation (Park, 2001; Batra et al., 2001). However, recent advances in the field of neuro-
rehabilitation advocate re-education of movement control through participation, and this involves strengthening all weak 
musculature (Morgan et al., 2015), whether they are muscles of the core or at the extremity. The motor areas of both 
cerebral hemispheres supply nerves to the trunk as well as the extremity: as a result, upper motor lesion as in stroke could 
cause bilateral trunk weakness and imbalance consequently (Ko et al. 2014). Balance problem has been implicated in either 
weakness of postural muscles of the back or muscles of the lower extremity (Obembe et al., 2014). While consensus 
evidence exists in respect of the role of conventional (lower extremity muscle strengthening) exercise in balance and gait 
retraining, core stability exercises have been shown to improve dynamic standing balance, functional autonomy, static 
balance, flexibility, and stability (Miyake et al., 2013). 
 
Core strengthening has come to connect lumbar stabilization and other therapeutic exercise regimens focusing on extremity 
rehabilitation. The “core” has been described as a box, with the abdominals in the front, para-spinal and gluteal muscles in 
the back, the diaphragm as the roof, and the pelvic floor and hip girdle musculature as the bottom (Kumaresan et al., 2016). 
The core musculature is believed to serve as muscular corset that works to stabilize the body and spine with limb 
movements (Anong et al., 2014). Although weakness of the trunk has been associated with spinal instability, it is not well 
known whether core strengthening exercises is effective in balance and gait retraining. The study therefore sought to 
determine the effects of core strengthening exercises on dynamic balance and gait speed in stroke survivors. 
 
MATERIALS AND METHOD 
 
Study Area: The study location was physiotherapy department of Federal Teaching Hospital Abakaliki, Ebonyi State. The 
hospital is a 438 bed space tertiary health facility in the state. Abakaliki is the capital city of the state which is located 64 
kilometre southeast of Enugu. It shares boarder with Enugu in the west, Benue in the north, Cross river in the east and Abia 
in the south. 
 
Subject Description: Patients with first stroke, who reported to the outpatient unit of physiotherapy department after a 6-
month period of onset, but not more than 2 years, were allocated to the control group (conventional exercise) or the 
experimental group (core strengthening exercise). 
 
Research Design: An experimental (pre-post-test) design. There was a controlled group made up of stroke patients, 
matched in age and sex to the study participants that did not receive intervention. 
 
Sample Procedure: Simple random technique was used in which patients consecutively allocated into the study. 
 
Sample Size: Since the prevalence rate of stroke in Nigeria is 1.31% (Sanya et al., 2015), using the infinite population 




. Where n= sample size; z= 1.96 at 95% confidence 





 = 19.8. Adding 10% attrition, sample size equals 42 (21 subjects per group). However, 48 
subjects completed the study.  
 
Subjects of the study: Patients with first stroke, who reported to the outpatient unit of physiotherapy department after a 6-
month period of onset, but not more than 2 years, were allocated to the control group (conventional exercise) or the 
experimental group (core strengthening exercise). Subjects’ socio-demographic characteristics such as age, sex and 
duration of stroke were assessed and obtained. Assessment of dynamic balance and gait speed was performed before 
treatment and six weeks after the end of treatment. 
 
Inclusion criteria: Adults survivors of stroke. First onset of unilateral stroke resulting in hemiplegic as diagnosed by a 
medical physician. Mini-mental state examination score greater than 24/30. Patients who were able to walk 10metre 
distance independently. Post stroke duration of at least 6 months, but not more than 2 years. Trunk impairment scale score 
of less than 21 out of 23. 
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Exclusion criteria: Patients who have had more than 1 episode of stroke. Those who have had previous lower limb 
fracture. Subjects who were unable to participate in low intensity exercise programmes due to severe complications from 
co-morbidities or were positive for human immune-deficiency virus, due to its neurologic squeal. Those diagnosed with 
stroke along with any other neurological disease affecting balance (Parkinson, vestibular lesion and multiple 
sclerosis).Subjects with impaired vision. Musculoskeletal disorders such as low backache, arthritis or degenerative diseases 
of lower limbs affecting motor performance. 
 
Ethical Consideration: Signed Informed consent was obtained from the patients after they had been fully informed about 
the experimental procedure, risks and protocol. This was in accordance with the American College of Sports Medicine 
guidelines (American College of Sports Medicine, (ACSM), 2000), regarding the involvement of human subjects in 
research as recommended by the human subject protocol. Ethical approval was obtained from the Research and Ethics 
committee of FETH, Abakaliki. 
 
Cognitive Screening: Mini-Mental State Examination (MMSE) scale was used to screen for cognitive impairment. It is a 
30-point scale used in clinical and research settings for measuring cognitive impairment. It is not suitable for making 
diagnosis but useful in indicating presence of cognitive impairment. The MMSE is far more sensitive in detecting cognitive 
impairment than use of informal questioning or overall impression of a patient’s orientation. Scores of 25-30 of 30 are 
considered normal, 21-24 as mild, 10 -20 as moderate and <10 as severe impairment. The sensitivity and specificity of 
MMSE are sufficient in discriminating participants with normal cognitive functioning from those with MCI and dementia 
(Baek et al., 2016). Since participants with aphasia, visual and auditory impairments were excluded from the study, MMSE 
was an appropriate tool for screening cognitive impairment. 
 
The 10-Metres Walk Test: This was used to assess gait speed and limb length. It is a performance measure used to 
assess walking speed in metres per second over a short distance. It can be  employed to determine functional 
mobility, gait, and vestibular function. Among stoke survivors, it has demonstrated excellent test -retest reliability 
(ICC = 0.95 to 0.99), with reliability for comfortable (ICC = 0.94) and fast (ICC = 0.97) gait speeds (Tyson and 
Connell, 2009). Small meaningful change of 0.05 m/s and substantial meaningful change of 0.10 m/s  has been 
reported (Perera et al., 2006). Participants were instructed to walk a set distance of 10 meters as fast as they could and an 
average of 3 trials was taken as the gait speed (Dobkin et al., 2006). Participants were given space to accelerate to their 
preferred walking speeds and this initial distance was not included in determining walking speed. Walking speed was 
computed as covered is divided by the time it took the individual to walk that distance while limb length was calculated as 
distance covered divided by number of steps (Salbach et al., 2001). 
 
Measurement of Dynamic Balance: The Star Excursion Balance Test (SEBT) was used to evaluate dynamic balance as 
measured by maximum reach distance. It has shown ability to reveal loss of dynamic postural control consistently, with 
strong intra-rater reliability of [ICC (2, 1):0.67-0.87) (Kinzey and Armstrong, 1998) and [ICC (2, 1):0.81-0.96] (Hertel et 
al., 2006). The SEBT has shown sensitivity in screening for functional deficits related to musculoskeletal injuries (Earl, 
002), Olmsted et al. (2002). It is a reliable and sensitive instrument for assessing dynamic postural control (Kinzey and 
Armstrong, 1998). It was conducted as prescribed by Gribble et al. (Gribble and Hertel, 2003). Participants started the test 
barefooted with 3 initial trials in three selected directions namely anterior, posteromedial and posterolateral directions 
before they underwent the formal testing. The order of the initial trials was right anterior reach (3 trials), left anterior reach 
(3 trials), right posteromedial reach (3 trials), left posteromedial reach (3 trials), right posterolateral reach (3 trials), and left 
posterolateral reach (3 trials). The formal testing trials were performed in the same order as the practice trials, with 3 trials 
performed in each direction. In each trial, participants were instructed to reach as far as they could and then return to the 
starting point while they maintained their balance on the stance limb. The maximum reach distance was recorded to the 
nearest 0.5 cm in each reach trial. The maximum reach distance of the 3 formal trials in each direction was used for the 
analysis. Reach distances were normalized to each participant’s limb length by dividing the reach distance by limb length 
and then multiplying by 100 to account for the influence of the leg length on test performance. Normalized composite 
reach distance was computed for each leg as the sum of the maximum reach distances in the 3 directions, divided by 3 
times the limb length, and then multiplied by 100. 
 
Treatment-Core Strengthening Exercise: Participants in the experimental group received, in addition to conventional 
exercise, core strengthening exercises, 30 minutes per session, two times per week for six weeks. The core strengthening 
exercises were performed as prescribed by Lee et al. (2007) and Chung et al. (2013).It comprised three exercise 
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components: bed exercises, wedge exercises and ball exercises using Swiss ball. In each exercise, position was maintained 
for 7 seconds followed by 10 seconds of relaxation; each set was repeated 10 times, and total of 2 sets were performed. The 
rest interval between sets was 60 seconds. Participants performed bed exercises in the first 2 weeks, followed by the wedge 
exercises in the third and fourth week and finally ball exercises in the fifth and sixth week. Bed exercises consisted of 
bridge exercise, bridge exercise with legs crossed, bridge exercise with one leg, curl-ups with straight reaching, curl-ups 
with diagonal reaching, bird dog exercise, and side bridge exercise. The wedge exercises consisted of curl-ups with straight 
reaching, curl-ups with diagonal reaching, and curl-ups with arms crossed. Finally, ball exercises comprised bridge 
exercise, bridge exercise to the side, bridge-ups, abdominal curl-ups, bird dog exercise, and push-ups. 
 
Control- Conventional Exercise: Conventional exercises were performed as prescribed by Pang et al. (2006). They 
include shoulder exercises, weight cuff and dumbbell exercises, hand exercises. Lower extremity exercise involved: sit to 
stand exercises, walking through obstacles, standing on a wobble board, partial squatting, toe raises. All participants 
received 2 sets of 10 repetitions each of the exercises, which included upper extremity exercises such as shoulder exercises, 
weight cuff and dumbbell exercises and hand exercises. Lower extremity exercises performed were: sit to stand exercises, 
walking through obstacles, standing on a wobble board, partial squatting and toe raise. 
 
Statistical Analysis: Data was analyzed using the statistical package for social sciences (SPSS) version 21 summarized 
using descriptive statistics of mean, standard deviation and frequency table. Independent T-test was used to determine 
differences in pre-test and post-test values of maximum reach (dynamic balance), gait speed and quality of life between 
experimental and control groups. Paired T-test was used to determine differences between pre-test and post-test values of 
maximum reach (dynamic balance), gait speed and quality of life for each of experimental and control group. Chi-square 




Forty eight stroke survivors, 30 males and 18 females, most (83.3%) married and modal age 48-57years participated in the 
study. Twenty six (54.6%) of them were graduates of tertiary institutions. Left side affectation comprised 30 (62.5%) of 
participants (Table 1). 
 
Table 1: Socio-demographic characteristics and Dexterity of participants 
 
Variables                                 Frequency             Percentage (%) 
Sex 
Male                                                30                             62.5 
Female                                            18                             37.5  
Age (years):        
38-47                                                9                             18.8 
48-57                                               18                            37.5                                         
58-67                                               16                            33.3 
68-77                                               5                              10.4 
Marital Status: 
Single                                              2                              4.2 
Married                                           40                            83.3 
Widowed                                        4                              8.3 
Separated                                        2                              4.2   
Educational Background: 
No Formal Education                     5                              10.4          
Primary Education                         9                               18.3 
Secondary Education                     8                               16.7 
Tertiary Education                        26                              54.6   
Dexterity 
Left Side                                      18                               37.5 
Right Side                                    30                               62.5 
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At baseline, result shows no significant difference in dynamic balance (as measured by anterior, posterolateral and 
posteromedial maximum reach distances), gait speed and quality of life between experimental and control groups (p>0.05 
in each) (Table 2). 
 
Table 2: Baseline values of Dynamic Balance, Gait Speed and Quality of Life 
 
 
Variable           Mean ± SD (Exp. group)   Mean ± SD (Cont. Group)      t-value        P-value 
Anterior                     45.9 ± 16.1                  41.2 ± 10.9                           1.2               0.243 
Posterolateral            47.8 ± 13.1                  46.0 ± 11.0                           0.5              0.587 
Posteromedial           46.8 ± 12.1                  47.0 ± 11.4                         - 0.04              0.971 
Gait Speed                0.49 ± 0.31                  0.50 ± 0.33                         - 0.10             0.922 
 
This suggests that the experimental and control groups were comparable at baseline. Variables other than the independent 
variables had no significant confounding effect on the dependent variables. At the end of six weeks, result shows 
significant differences in dynamic balance (as measured by anterior, posterolateral and posteromedial maximum reach 
distances), gait speed and quality of life between pre-test and post-test values of each of experimental and control groups 
(p<0.05 in each) (Table 3). 
 
 
Table 3: Paired Sample T-test showing effects of Core strengthening Exercise on Balance, Gait Speed and Quality of 
Life 
 
Variable                  Mean ± SD(Pre-test)    Mean ± SD(post-test)    t-value          P-value 
Experimental  
Group 
Anterior                   45.9 ± 16.1                   50.5 ± 15.6                    - 2.3             0.034 
Posterolateral           47.8 ± 13.1                   57.5 ± 14.9                    - 6.9            <0.001* 
Posteromedial          46.8 ± 12.1                   57.3 ± 14.2                    - 7.4            <0.001* 
Gait Speed               26.8 ± 11.2                   21.4 ± 9.3                        9.3            <0.001* 
 
Control Group  
Anterior                   41.2 ± 10.9                    45.3 ± 11.3                    - 13.7          <0.001* 
Posterolateral           46.0 ± 11.0                    53.2 ± 12.4                    - 10.6          <0.001* 
Posteromedial          47.0 ± 11.4                    54.5 ± 12.0                    - 12.2          <0.001*   
Gait Speed               27.0 ± 11.6                    24.7 ± 11.7                       6.7           <0.001* 
 
Overall, there was no significant difference in dynamic balance, gait speed and quality of life speed between experimental 
and control groups (P>0.05 in each) (Table 4).  
 
Table 4: Independent T-test showing comparative Effects of Core Strengthening Exercise on of Dynamic Balance, 
Gait Speed between Experimental and Control Group 
 
Variable                  Mean ± SD (Exp. group)   Mean ± SD (Cont. Group)      t-value          P-value 
Dynamic Balance 
Anterior                    50.5 ± 15.6                       45.3 ± 11.3                              1.3                 0.192 
Posterolateral            57.5 ± 14.9                       53.2 ± 12.4                             1.1                  0.288     
Posteromedial           57.3 ± 14.2                       54.5 ± 12.0                              0.7                 0.473   
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DISCUSSION 
 
In this study, core strengthening exercises did not improve dynamic balance and gait speed. This is contrary to the findings 
of Kumaresan and Mahiba (2016), Cabanas-Valdes et al. (2015), Haruyama et al. (2017), in which clinical important 
differences in balance and gait were reported with core strengthening exercises. This conflict of findings could be 
attributed to inclusion of additional lateral flexion and rotation of the upper and lower parts of the trunk in the previous 
studies. It suggests that additional truncal exercise aimed at improving lateral flexion and rotation of the upper and lower 
parts of the trunk may improve dynamic balance and gait speed. It implies that weakness in any of the functional group of 
the core postural muscle group distorts ability of whole musculature to maintain spinal stability and balance thereby 
negatively impacting community ambulation (Dorsch et al., 2017). It also supports the definition of the “core” as a box, 
with the abdominals in the front, para-spinal and gluteal muscles in the back, the diaphragm as the roof, and the pelvic 
floor and hip girdle musculature as the bottom (Billinger et al., 2014).  
 
Omission of any musculature in the core will obviously affect the whole core. It may also reveal that conventional 
exercises targeting lower extremity muscle strength play essential role in balance and gait retraining: its effects may have 
sufficiently dominated the protocol. It also shows that core strengthening exercise may not be used as an independent 
treatment in balance and gait retraining, and conventional lower extremity exercises may achieve the purpose of balance 
and gait retraining (Chang et al. 2011), without including core strengthening exercise. Although strong core muscle 
strength is said to be necessary for postural alignment and stability (Obembe et al., 2014; Anong et al., 2014), their role in 
retraining dynamic balance and gait is doubtful especially when combined with conventional lower extremity exercises. 
However, a holistic approach targeting all the core muscle groups and their corresponding motions should be adopted when 
executing core strengthening exercises as this may essentially contribute to effects of core strengthening exercise on gait 
and balance. 
 
A recognized limitation in this study was lack of a third group receiving both core strengthening and conventional 
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